Abstract. The Eupatorieae and Vernonieae differ in pubescence, leaf insertion, leaf shape and venation, corolla lobe form, anther bases, anther pubescence, endothecial cells, pollen grains, style branches, achene walls, and pappus. The Eupatorieae are related to the H eliantheae in the subfamily Asteroideae, and the Vernonieae are placed close to the Liabeae and Mutisieae in the subfamily Cichorioideae.
The family Asteraceae has presented continuing problems for taxon omists as a result of its size and its recurring combinations of superficial characters. Efforts to understand the limits of the subfamilies and tribes have suffered particularly. Where recent detailed studies have been un dertaken they rarely extend beyond the limits of a single tribe. The critical anatomical tribal distinctions of Cassini ( 1813) are usually ac knowledged but are rarely actually observed. Taxonomists tend to rely for identifications and judgments on the more easily observed characters such as those emphasized by Bentham (1873) . Evidently few workers recognize that characters that may serve well in identification are not necessarily a reliable guide to phylogeny. These approaches have per petuated traditional concepts that contain many errors. An example is the apparent presumption of close relationship between the tribes Eu patorieae and Vernonieae.
The Eu patorieae and Vernonieae bear superficial resemblance in head form and flower color, and they have been placed together in most treat ments including those of Cassini (1827) and Bentham (1873) . Members of these tribes are often confused in preliminary identifications by nonspecialists, and a few errors by specialists are known. The two tribes have most of their diversity in the Neotropics, a region most inadequately treated in early European studies such as that of Bentham. Nevertheless, in the last 100 years the status of the tribes seems to have entered the realm of "conventional wisdom" with most workers unaware that there is any problem.
Numerous characters are now available which show that the Eupato rieae and Vernonieae are not closely related, but these characters have never been effectively summarized. Many of the characters are also po tentially useful in identification. The present survey is based primarily upon my own observations, though precedents are cited where these are known. As a point of reference I use Vernonia fuertesii (Urban) H. Rob inson of Hispaniola, which has the distinction of having been originally described as a Eupatorium .
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The subfamily concept followed here is based on the bipartite nature of the Asteraceae (Helianthoid/Mutisioid) first briefly mentioned by Carlquist (1961) . Poljakov (1967) first listed the tribes of the family in the approximate series. The concept accepted here differs in some re spects and is modified from the two studies of Robinson and Brettell ( l 973b, d) . The Eupatorieae belong to the subfamily containing the He liantheae (including Fitchiinae, Peritylinae, and Arnica), Tageteae, Ca lenduleae, Senecioneae (including Blennospermatinae), Inuleae, Aster eae, and Anthemideae (including Ursiniinae). The Vernonieae (including Trichospira) belong to the subfamily containing the Liabeae, Cichorieae, Mutisieae, Cardueae, Echinopsideae, Gundelieae, Eremothamneae, and Arctotideae. The best character analysis of the Asteraceae showing the basic groupings is by Wagenitz (1976) though that paper holds the Ci chorieae apart from the related group that includes the Vernonieae. A recent paper by Carlquist (1976) formalized the two-subfamily system under the names Asteroideae and Cichorioideae but misplaced the Eu patorieae in the Cichorioideae and characterized the stigmatic structure of the tribe incorrectly.
The Eupatorieae and the Vernonieae share two obvious characters that have resulted in their close association in many systems of classifi cation. In both the heads are homogamous. All the flowers are perfect though peripheral flowers in some Eupatorieae may be raylike (Micro spermum, Praxeliopsis) and the corollas of some Vernonieae may be zy gomorphic (Dipterocypsela) or mostly ligulate (Stokesia) . Also, the corollas in both tribes are whitish to reddish or bluish and never truly yellow except in Gongrothamnus (Vernonieae).
The two tribes also share a number of less definitive characters. Nei ther tribe has latex in the stems such as in the Cichorieae, in most Lia beae, and in some Mutisieae. The involucral bracts are not uniseriate as in most members of the tribe Senecioneae (Berton, 194 7) . There are no functionally male flowers or completely dioecious species as in some members of the tribes Astereae, Inuleae, Heliantheae, a few Anthemi deae, most Calenduleae, and some of the subtribe Blennospermatinae of the Senecioneae. The corollas do not bear laterally compressed capitate glands like those of the Anthemideae (Beauverd, 1915;  Robinson & Bret tell, l 973b ), and they usually bear some hairs or glands rather than being essentially glabrous as in the Senecioneae (Robinson & Brettell, l 973c) . Both the Eupatorieae and the Vernonieae have flat anther appendages that are not constricted at the base (King & Robinson, 1970) . There is some tendency for the appendages of the Eupatorieae to be hollow, a condition not seen in the Vernonieae. The appendages are strongly con cave abaxially and constricted basally in all the members of the Helian theae except Fitchia, and the appendages are constricted basally or nar rowed throughout in the Astereae, Senecioneae, Anthemideae, and many Inuleae. The bases of the styles of the Eupatorieae and Vernonieae are partially or completely immersed in the nectary and not borne on
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top of the nectary as in all members of the tribes Astereae and Seneci oneae (Robinson & Brettell, 1973a) . The styles do not have the upper part of the shaft covered with papillae and sharply delimited by a prom inent annulus as in the Arctotideae, the Echinopsideae, most Cardueae, and some Mutisieae (Cassini, 1813) . The tips of the style branches are not truncate-exappendiculate as in the tribe Anthemideae, most mem bers of the Senecioneae, and many members of the Inuleae (Cassini, 1813; Robinson & Brettell, 1973b) .
It is notable that the species used here as a point of reference, Vernonia fuertesii, shows all the characters that are shared by the tribes Eupatorieae and Vernonieae. There are numerous additional characters of the spe cies, however, all of which are known in the Vernonieae but many of which do not occur in the Eupatorieae.
An analysis of the lectotype of Vernonia fuertesii ( Fig. 1) shows initially the alternate-leaved condition described by Urban (1921) . Alternate leaves are uncommon in the Eupatorieae, particularly in the West Indian members, but are characteristic of the Vernonieae with few exceptions (Robinson, 1976) . Opposite leaves are characteristic of only one tribe, Liabeae, in the subfamily Cichorioideae.
The leaf blades of V. Juertesii have acuminate bases. This can be found in both tribes, but it is useful to note that the Vernonieae have tapering or at most subtruncate bases and completely lack the truncate, hastate, or cordate bases common in such tribes as the Eupatorieae or Liabeae. The leaves of V. Juertesii also have pinnate venation, a character of almost all Vernonieae. The exception, Soaresia, has a strange venation that is still unlike the strongly trinervate condition common in such tribes as the Eupatorieae and Liabeae.
The hairs of V. fuertesii (Fig. 3) show a short stalk of uniseriate cells terminating near one end of an elongate cap cell. The hairs are of a type referred to by King and Jones (1975) as awl-shaped and by Faust and Jones ( 1973) as nonglandular T-shaped. They are characteristic of many members of the Vernonieae. They fall under the general catagory of two-armed hairs with uniseriate stalks and unicellular heads. Such hairs have been reported by Solereder ( 1908) from nine genera of the Ver nonieae, many Anthemideae, and single genera in the Astereae, Helian theae, and Senecioneae. Such hairs are not known from the Eupatorieae.
The form of the inflorescence in V. fuertesii is not a scorpioid cyme of the type found in many species of Vernonia; instead all heads are dis tinctly pedicelled. The scorpioid cyme is a character restricted to the Vernonieae in the Asteraceae and the lack of it would seem to be the primary reason for placing V. fuertesii in Eupatorium . Nevertheless, the scorpioid cyme is lacking from many species of Vernonia, even those from the West Indies, and is lacking from the type species of the genus, V. novaboracensis Linnaeus.
Urban ( members of the subfamily Cichorioideae including the Vernonieae. Such lobes are very rare among members of the subfamily Asteroideae. Some examples in the latter subfamily include Llerasia in the Astereae, some species of Galea in the Heliantheae, and Psacalium of the Senecioneae. In the Eupatorieae only Corethamnium, Mikania, Neomirandea, and Stey ermarkina show some species with corolla lobes so deeply cut. Most Eu patorieae and other Asteroideae have corolla lobes much shorter and usually triangular.
One classic character of the Vernonieae is the extension of the anther bases far below the attachment of the filament. This condition is found in V. fuertesii (Fig. 4) but is completely lacking in all true Eupatorieae. Extended bases of the thecae with or without tails are found in almost all members of the Cichorioideae, the only exception seen being Barne desia of the Mutisieae. In the Asteroideae the thecae rarely extend far below the point of attachment. Tailed anthers occur in the Asteroideae in the Inuleae, Calenduleae, and in some Senecioneae, but only in a few Inuleae does the pollen-bearing portion extend below the anther collar.
The anthers of V. fuertesii bear a number of short-stalked capitate glands abaxially on the connective and on the appendage (Fig. 5) . Glands on the anthers in the Asteraceae were initially reported in the tribes Heliantheae and Inuleae (King & Robinson, 1970) . Hairs have also been seen on the anthers of the Heliantheae. Since the initial report a more complete survey shows that the anthers of many species of Vernonia in cluding the type species, V. novaboracensis, bear prominent glands. The presence or absence of glands has seemed to follow phyletic lines in the genus and seems likely to provide a basis for taxonomic subdivision. The survey of other Asteraceae has not shown glands on the anthers in any other tribe, and the survey of the Eupatorieae, Liabeae, and Senecioneae was particularly extensive.
The endothecial cells of E. fuertesii are subquadrate with three to five nodular thickenings along the transverse walls (Fig. 6) . There are few or no thickenings on the vertical walls. This is one of the types ref erred to as "polarized" by Dormer ( 1962) . The thickenings are weakly connected across the external surface of the cells. Such cells are characteristic of the V ernonieae and differ in their combination of characters from those of any other tribe. The cells of the Eupatorieae and of Munnozia subgenus Kastnera of the Liabeae are most similar, but both differ by the nearly equal occurrence of thickenings on the transverse and vertical walls ("radial" of Domer) and by the firmer texture of the cells.
The pollen grains of V. fuertesii are ca. 40 µ,m in diameter. This is in the lower range of variation in Vernonia (Keeley & Jones, 1977) . In con trast, the pollen of the Eupatorieae averages smaller in size than that of any other tribe of the Asteraceae with most grains between 16-22 µm in diameter. Many Eupatorieae do reach a size of 23-25 µm, which is the smallest size seen in any other tribe. Very few Eupatorieae in the rela tionship of the genus Carphochaete have grains 30-35 µ,m in diameter.
The spines of the pollen grains of V. fuertesii are distributed so mew hat irregularly on the surface, and there are lacunae where the wall of the grain is thinner. The irregularity in wall thickness is most evident in polar views (Fig. 7) . The pollen of the Eupatorieae, like that of all tribes in the subfamily Asteroideae, is echinate with evenly distributed spines and an evenly thickened wall. All irregularities of pollen structure in volving spine distribution or lophorate patterns or smooth grains are restricted to the subfamily Cichorioideae, which includes the Vernonieae (Robinson & Brettell, l 973b ) . The pollen of V. fuertesii is, in fact, precisely the form classified as Type A by Keeley and Jones (1977) in their study of West Indian Vernonia .
The styles of the lectotype of V. fuertesii had to be removed from un opened corollas and the branches had to be teased apart, but all critical characters are observable. The branches are of the sort typical in the Vernonieae (Cassini, 1813)-tapering to a slender tip with the outer sur face covered with hairs (Fig. 8) . Branches of exactly this shape are seen elsewhere in the Asteraceae in some species of the Cichorieae and are very similar to some in the Liabeae. Most Asteraceae have less tapered or blunter tips or lack the full compliment of hairs. The Eupatorieae have no real hairs, only papillae. In the Vernonieae only Stokesia departs notably from the form by bearing numerous reniform glands among the hairs on the outer surface of the style branch.
The stigmatic surface extends essentially to the tip of the style branch in V. fuertesii and covers the complete inner surface (Fig. 9) . Such a stigmatic surface is found in all members of the subfamily Cichorioideae. The subfamily Asteroideae usually has the stigmatic surface divided into two separate lines with a sterile zone between. Exceptions in the Aster oideae are the Cacalioid genera of the Senecioneae, the subtribes He lianthinae and Zinniinae and a few other groups in the Heliantheae, and a few examples in the subtribe Pluchiinae of the Inuleae. In the Eupa torieae the stigmatic surface is always divided into two lines, and often glands are borne on the intervening tissue. The lines never reach the tip of the style branch and usually end near the middle of the branch.
The achenes examined of E. fuertesii are immature, but the complete lack of "carbonized" deposits is sufficiently indicated. The minute inter nal punctations associated with carbonization are also absent. The con dition conforms to that found in the Vernonieae and to that of most tribes including all those of the subfamily Cichorioideae. Carbonized walls with minute punctations are found in almost all Eupatorieae, in the Tageteae, and in most of the Heliantheae except the subtribe Gaillar diinae. The achene walls of E. fuertesii contain numerous distinct quad rate raphids (Fig. 10) , a feature of most tribes of Asteraceae including the subtribe Gaillardiinae of the Heliantheae but never of forms with carbonized walls of the achenes. Raphids do occur in other parts of most Heliantheae, including corolla cells and even endothecial cells of the a � ther, but well formed raphids have never been seen in the Eupato neae.
In the pappus of V. fuertesii a full compliment of capillary bristles and a complete short outer series are evident. Such a pappus is characteristic of most Vernonieae and is seen again in many Liabeae. In the Eupato rieae the most similar forms are in the genus Ageratina where the outer series is much finer and very irregular. Eupatorieae with a more distinct dimorphic pappus have fewer elements.
The similarities between the Eupatorieae and Vernonieae involve char acters of head form and flower color. Such characters are subject to selection pressures from pollinators and are notable for examples of convergent evolution. In contrast, differences between the tribes are nu merous and basic.
Characters place the Eupatorieae generally within the Asteroideae where the tribe forms an isolated extreme element having the most rig orously separated stigmatic lines in the family. The carbonized, minutely punctate achene walls indicate closest relation to the Heliantheae and the Tageteae. Hairs are common on the bases of styles in the Eupatorieae. The only other example of such hairs presently known in the Asteraceae is inArnica in the Heliantheae, which would further suggest relationship to that tribe.
The Vernonieae seem less remote in their relationship within the Ci chorioideae. The tribe Cichorieae differs primarily by the presence of latex and by the ligulate flowers, but the latter character is approached very closely in the vernonian genus Stokesia . The tribe Liabeae might seem intermediate between the V ernonieae and Cichorieae by the pres ence of latex in many of the genera, but it differs in too many other characters such as opposite leaves, often trinervate leaf blades, presence of true ray and disk flowers, mostly yellow corollas, and nonlophorate pollen. The Vernonieae are also evidently closely related to the M utisieae where genera with actinomorphic corollas such as Glochnatia have species closely approaching the appearance of some vernonias. The Mutisieae differ from the Vernonieae by the large indurated appendages of the anthers and by the mostly shorter, blunter style branches. Many Mutis ieae differ further by having two or three types of flowers in the heads or by having bilabiate corollas. Pollen of the Mutisieae shows great vari ation but lophorate forms occur only in Barnedesia .
Vernonia fuertesii displaces V. barkeri Ekman ex Urban (Urban, 1931). The taxonomy of the species has been treated by Robinson ( 1977) .
